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1. Introduction 
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Abstract: Recent results on charm and beauty photoproduction at HERA are discussed. ■ . 

The perturbative QCD calculations are generally smaller than the measured cross sections, 
particularly in the forward (proton) direction. The study of charm dijet photoproduction 
is consistent with a significant contribution of charm excitation processes. ' \^ 

CD 

During the first phase of operation (1992-2000), HERA collided electrons and positrons 
with energy 26.7 — 27.6 GeV and protons with energy 820 — 920 GeV yielding a center- ^ ^ 

of-mass energy of 296 — 318 GeV. In this period, extensive measurements of heavy flavor ^ — ^ 
photoproduction were made by the HI and ZEUS collaborations H, |, |, |, §. Some recent 
charm and beauty photoproduction results are discussed in this paper. 

In photoproduction processes at HERA, a quasi-real photon with virtuality Q"^ Q \s 
emitted by the incoming electron and interacts with the proton. At leading order (LO) 
in QCD, two types of processes are responsible for the production of heavy quarks: the 
direct photon processes, where the photon participates as a point-like particle, and the 
resolved photon processes, where the photon acts as a source of partons. The dominant 
direct photon process is photon-gluon fusion where the photon fuses with a gluon from the 
incoming proton. In resolved photon processes, a parton from the photon scatters off a 
parton from the proton. Charm and beauty quarks present in the parton distributions of 
the photon, as well as of the proton, lead to processes like eg eg and bg — > hg, which 
are called heavy flavor excitation processes. In next-to-leading order (NLO) QCD, only 
the sum of direct and resolved processes is unambiguously defined. 



2. Charm photoproduction 

Differential cross sections for D*^ and photoproduction in and rj^ were measured 
in the kinematic range < iGeV^, 130 < < 280 GeV, 3 < < 12 GeV and 
* Speaker. 

tOn behalf of the HI and ZEUS Collaborations. 
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< 1.5 [§, |3|. Here W is the jp center-of-mass energy, and p^ and rj^ are the D-meson 
transverse momentum and pseudorapidity, respectively. The pseudorapidity r] is defined as 
— ln(tan |), where the polar angle 9 is measured with respect to the proton beam direction. 
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Figure 1: DifTerential cross sections da/p^ (left) and da/drj^ (right) for Df and D*^ photopro- 
duction. The Df (dots) and D*^ (triangles) data are compared with NLO predictions for Df (full 
curves) and D*^ (dashed curves). 

In Fig. 1, NLO calculations Q obtained with the MRS(G) and GRV-G HO parton 
density parametrisations for the proton and photon, respectively, are compared with the 
differential cross sections. The thick curves were obtained with the renormalization scale 

1.5 GeV) and the factorization scales of the photon and 



IJ'R = m± = y m'^ + p^^ {rUc 
proton structure functions were set io fip = 2m±. For the thin curves, a rather extreme 
value for the pole c-quark mass, rUc = 1.2 GeV, and a ^u/j value of 0.5m± were used. The 
Peterson fragmentation function Q was used for charm fragmentation in this calculation. 
Following the results of the NLO fits to ARGUS data |1C], the same values of the 
Peterson parameter, e = 0.035, were used for both D*^ and cross section calculations. 
The fractions of c quarks hadronizing as D*^ or mesons were extracted from results 
on charm production in e^e~ annihilations |11]. The NLO calculations underestimate the 



measured cross sections. The shapes of the p^ distributions are not completely reproduced. 
For the rj^ distributions, the NLO predictions are below the data in the central and forward 
(proton direction) regions. 

An experimental separation of the direct and resolved processes was obtained by us- 
ing the variable x'^^, which is the fraction of the photon momentum contributing to the 
production of the two jets with the highest transverse energies within the accepted pseu- 
dorapidity range. The charm photoproduction differential cross section was measured as a 
function of x"*^^ [§] . A comparison of the x"""^ distribution with LO Monte Carlo (MC) simu- 
lations indicated the existence of charm excitation in the photon parton density. Recently, 
the ZEUS collaboration has performed new measurements of charm dijet photoproduc- 
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tion [12|. The angle between the jet-jet axis and the beam axis in the dijet rest frame has 
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been approximated by the variable cos 6* 
the two jets: 



which is a function of the pseudorapidities of 



cos 6* = tanh( 



Jetl 



V 



In the previous inclusive dijet analysis |13|| , it was shown that in direct photon pro- 
cesses, where the propagator in the leading-order (LO) QCD diagrams is a quark, the 
differential cross section da / d\ cos 9* \ rises slowly towards values of |cos0*| ~ 1, while in 
resolved photon processes, where in most cases the propagator is a gluon, it rises steeply 
with increasing | cos9*\, consistent with the behavior of a spin-1 propagator. 



The differential distribution dN/d\ cos 9*\ 
for events with at least two jets and a D*^ is 
shown in Fig. 2. The data points are given 
separately for direct photon (open dots) and 
for resolved photon (black dots) events. In 
this analysis, a direct (resolved) photon pro- 
cess was defined by the selection x°^^ > 0.75 
(x°'^^ < 0.75). The dashed (full) histo gram is 
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the PYTHIA [yj] distribution for the direct 
(resolved) photon MC events. All the distri- 
butions are normalized to the resolved data 
distribution in the first 4 bins. An enhance- 
ment at high values of | cos 9*\ is seen for 
the resolved photon sample, both in the data 
and in the MC simulation. The direct pho- 
ton samples do not show this strong peaking. 
This observation is consistent with a signif- 
icant gluon-exchange contribution and, con- 
sequently, with a significant contribution of 

charm excitation processes to charm photoproduction at HERA energies. 
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Figure 2: DifTcrential distributions 

diV/d| cos6'*| for the data (dots) and PYTHIA 
MC simulation (lines). 
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3. Beauty photoproduction 

Beauty photoproduction cross sections were measured by the HI and ZEUS collaborations 
using events with at least two jets and a lepton in the final state ^ |5|. The beauty signals 
were extracted by fitting the distributions of the data with Monte Carlo predictions for 
beauty and the lighter flavor components, where p^^' is the transverse momentum of the 
lepton relative to the axis of the associated jet. The cross sections were found to be above 
NLO QCD expectations. 

Recently, the HI collaboration has performed new measurements of the beauty pho- 



toproduction using a central silicon vertex detector |15]. The cross section was extracted 
from the p^^' ^ind impact parameter {5) distributions of muons in dijet events. Fig. 3 shows 
the observed impact parameter distribution in the data together with histograms indicat- 
ing the contributions from beauty production and from backgrounds. The decomposition 
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was obtained from a likelihood fit using the shapes of the 5 distributions of beauty and 
charm events from Monte Carlo simulations and of fake muons from real data. Using both 
and 6 observables, and in combination with the earlier result, the open beauty cross 
section was determined in the visible range 

Q2 < iGeV^, 0.1 < y < 0.8, > 2.0GeV, 
35° < 6*^ < 130° : a^is{ep bbX fiX) = (170 ± 25) pb. 

The NLO QCD prediction, using the 
fixed-order NLO calculation Q and a frag- 
mentation parameterization described in [Q], 
is (54 lb 9) pb, where the error was esti- 
mated by varying the renormalization and 
factorization scales, the beauty quark mass 
value and the fragmentation parameters. 
The NLO prediction undershoots the mea- 
sured cross section significantly. 

The ZEUS collaboration has recently 
performed the first measurement of the beauty 
photoproduction differential cross sections jl6| ]. 
Events with a muon and at least two jets 
were selected. Differential cross sections as 
a function of the muon pseudorapidity, r/'^ , 
and transverse momentum, pj,, were cal- 
culated. The beauty fraction in each bin 
of the selected variable was extracted with 
the fit. 

Fig. 4 shows the measured beauty differential cross sections in comparison with pre- 
dictions of PYTHIA and HERWIG 0. The PYTHIA predictions are in reasonable 
agreement with the data. The agreement is worse in the most-forward r]^ bin, in which the 
contribution from the beauty excitation processes is expected to be large. As shown, the 
beauty excitation is a substantial component of the PYTHIA cross section. The HERWIG 
predictions, which also include the beauty excitation component, are lower than PYTHIA 
but still compatible with the data within errors. 
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Figure 3: Muon impact parameter distribution 
and decomposition from the likelihood fit. 
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4. Summary 

Charm and beauty photoproduction cross sections have been measured by the HI and 
ZEUS collaborations. The perturbative QCD calculations are generally smaller than the 
measured cross sections, in particular in the forward (proton) direction. In the charm 
sector, theoretical uncertainties are larger than the experimental ones. The study of dijet 
photoproduction associated with charm is consistent with a significant contribution of 
charm excitation processes. 
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Figure 4: Differential beauty cross sections da/pi^ (left) and da/dr]'^ (right) for events with two 
jets and a muon, compared to predictions of PYTHIA and HERWIG MC programs. 
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